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BLOCKAGE AND RECOVERY OF NITRIFICATION
TO ACETYLENE'
Steven

J.

IN SOILS

EXPOSED

Burns""^ and Richard E. Terry"

— Acetylene

gas is very useful in laboratory and in situ assay procedures for nitrogen fixation anc
concern, however, that measurements of denitrification may be underestimated because
nitrification, a major source of nitrate, is inhibited by CoHj. The objective of this study was to examine the effects oi
C2H2 partial pressure and length of exposure time on nitrification in soils. Acetylene partial pressures of 0. 1, 1.0, and

Abstract.

denitrification.

There

is

10.0 kPa were found to effectively inhibit nitrification in soil samples incubated in the laboratory. Both the partial
pressure of CjHj and the length of exposure time were found to affect the recovery time of nitrification in soil samples.
Nitrification recovered within seven days in samples exposed to 0. 1 and 1.0 kPa CoHo for only 24 hours. The recovery oi
nitrification in

samples exposed to 10.0kPaC2H2for24hoursortoO.

1

and 1.0 kPaC2H2 for 216 hours was delayed for an

additional seven davs, however.

Acetylene gas has been effectively used

in

laboratory and in situ techniques for the measurement of both nitrogen fixation and deni-

where NH4'^

is

used

as the starting point in deni-

trification studies or in

long-term experiments

trification.

where mineralization and subsequent nitrification could be expected to produce significant

tractive

nitrate.

The use of acetylene (C2H2) is atdue to the low cost and high
sensitivity of the procedures. For Ng fixation
studies, C2H2 is used to saturate enzymes responsible for fixation; in the process, C2H2 is
reduced to ethylene (C2H4). Ethylene can be
readily detected by gas chromatography and
N2 fixation rates estimated (Hardy et al. 1968,
Bergerson 1980). Acetylene has an inhibitory
on the bacterial enzymes that reduce
NoO to N2; therefore, C2H2 has been used in

effect

denitrification studies (Balderson et

Yoshinari et

al.

al.

1976,

1977). In the presence of C2H2

partial pressures greater than 0. 1 kPa,

N2O

is

the sole gaseous product of denitrification and
is

detectable by gas chromatography.

Concerns have been expressed about the
use of CjH, in denitrification studies, because
C2H2 has been found to be an effective nitrification inhibitor at a partial pressure of 0.01
kPa (Walter et al. 1979, Berg et al. 1982). In

some

situations denitrification

may be

measurements

affected by C2H2, because nitrificamajor source of NO3 is inhibited. This
is not a problem with short-term laboratory
incubations or experiments that involve the
addition of nitrate to the soil, but it may be
inappropriate to use acetylene in experiments
tion, a

,

Researchers have studied nitrification in the

presence of CH, partial pressures ranging from:
1,000 to 0.01 Pa "(Walter et al. 1979, Berg et al.
1982). The minimum effective partial pressure

was 10 Pa. However,
was found at 0. 1 Pa (Berg et al.

that inhibited nitrification
partial inhibition

These researchers reported that the inCoH. levels (1,000 to
10 Pa) ceased within 7 to 10 davs of removal of
1982).

hibitory effects of the low

CoHo.
Acetylene partial pressures of 10 kPa are routinely used in nitrogen fixation studies (Hardy et
al. 1968, Bergerson 1980) and in laboratory denitrification studies (Yoshinari et al. 1977, Terry
and Tate 1980a, 1980b, Terry et al. 1981). Field

measurement of denitrification by the C^Ho

inhi-

bition technique involves introduction of

C2H2

atmosphere through perforated tubC2H2 treated irrigation water (Ryden, /.,

to the soil

ing or

Laboratory evaluation 1979; Ryden,
,

II.,

Devel-

opment and application, 1979, Rolston et al.
1982, Hallmark and Terry 1985). It is likely, with
these procedures, that C2H2 partial pressures in
excess of 10 kPa will exist in portions of the soil
atmosphere that will maintain minimum effective levels of 0. 1 kPa throughout the soil atmosphere.

This publication is based on work supported in part by funds provided by the Bureau of Land Management.
^Department of Agronomy and Horticulture, Brigham Young University, Provo, Utah 84602.
Present address: Department of Agronomy, University of Missouri, Columbia, Missouri 65201.
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laboratory and in situ denitrification studies

Development and application, 1979; Rolson et al.
1982, Ryden and Dawson 1982). The recovery
of nitrification in Timpanogos soil exposed to
10.0 kPa C2H2 was delayed for at least seven
days whether the samples were exposed to the
gas for 24 or 216 hours. Acetylene partial pressures of 10.0 kPa have been used in denitrification studies and in studies of concurrent
(Yoshinari et

al.

denitrification

1977, Ryden,

and nitrogen

77.

(Terry

and Tate 1980a, 1980b, Yoshinari et al. 1977)'.
Problems with the use of C2H2 in denitrification studies would likely be encountered in
soils where the nitrate supply is limited by
nitrification.

Ryden

Bergerson, F

(1982) reported that deni-

was underestimated in soil samples
incubated in the laboratory in the presence of
C2H2 for 168 hours. Nitrate became exhausted
in the samples during incubation. Problems
with nitrification inhibition in denitrification
studies may be avoided in laboratory studies
by adding supplemental nitrate and/or adopting short incubation periods (<24 hours)
(Terry and Tate, 1980b). In the design of field
studies on denitrification, it would be wise to
rotate study sites every 7 to 14 days to allow
nitrification to proceed in the soil. The use of
sites previously exposed to C2H0 should be
avoided for 14 to 21 days because of the slow
recovery of nitrification following prolonged
exposure to C2H2.
trification

1980.

J
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